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E n e r g y r e s o u r c e e v a l u a t i o n o n a r e g i o n a l o r n a t i o n a l s c a l e m a y b e f o r 
e i t h e r o n e o r b o t h o f t w o p u r p o s e s . T h e f i r s t p u r p o s e i s a n i m m e d i a t e o n e ; 
t o i d e n t i f y ( t h a t i s , t o f i n d a n d m e a s u r e ) r e s o u r c e s t h a t c a n b e e c o n o m i c a l l y 
e x p l o i t e d u n d e r p r e s e n t c o n d i t i o n s a s p a r t o f t h e g e n e r a l e c o n o m i c d e v e l o p -
m e n t o f t h e ' r e g i o n o r c o u n t r y . S u c h a n a c t i v i t y i s a k i n d o f i n v e n t o r y o f 
t h e n a t u r a l e n d o w m e n t f o r i m m e d i a t e d e v e l o p m e n t p u r p o s e s , a n d i s t h e f u n c t i o n 
o f a n a g e n c y l i k e t h e G e o l o g i c a l S u r v e y o r H y d r o l o g i c a l S u r v e y . I t i s o f 
s p e c i a l i m p o r t a n c e i n c o u n t r i e s l i k e t h o s e o f L a t i n A m e r i c a , w h e r e s y s t e m a t i c 
a c t i v i t y o f t h i s k i n d h a s n o t b e e n a l o n g - e s t a b l i s h e d p o l i c y . 
T h e s e c o n d p u r p o s e o f e n e r g y r e s o u r c e e v a l u a t i o n m a y e n c o m p a s s t h e f i r s t , 
b u t h a s a s i t s f o c u s t h e l o n g e r - t e r m f u t u r e . - T h i s p u r p o s e i s n o w a s s u m i n g 
g r e a t e r i m p o r t a n c e i n a l l c o u n t r i e s o f t h e w o r l d , a s g r e a t e r a t t e n t i o n i s 
g i v e n t o l o n g - r a n g e p l a n n i n g w i t h t h e d e v e l o p m e n t o f i m p r o v e d t e c h n i q u e s 
f o r u n d e r t a k i n g i t . I t * ' a i m s t o a s s e s s t h e . c o m p l e t e r e s o u r c e e n d o w m e n t o f 
t h e r e g i o n o r c o u n t r y i n o r d e r t h a t e n d o w m e n t m a y b e m e a s u r e d a g a i n s t 
f u t u r e n e e d s o r m a y b e u s e d a s a b a s i s f o r e s t i m a t i n g f u t u r e p r o d u c i n g 
c a p a c i t y . T h e p u r p o s e , i n o t h e r w o r d s , i s t o m a k e a n i n v e n t o r y o n w h i c h t o 
b a s e n a t i o n a l p o l i c y i n t h e l i g h t o f t h e f u t u r e , a s w e l l a s t h e p r e s e n t 
r e s o u r c e s i t u a t i o n . 
T h e e m p h a s i s o f t h i s p a p e r i s o n t h e s e c o n d p u r p o s e . I t d r a w s o n a 
r e c e n t l y p u b l i s h e d s t u d y u n d e r t a k e n a t R e s o u r c e s f o r ' t h e F u t u r e o v e r t h e 
p a s t f e w y e a r s - o n t h e s u b j e c t , " E n e r g y i n t h e A m e r i c a n E c o n o m y : 1 8 5 0 - 1 9 7 5 " . 
T h e d i f f e r e n c e s i n t h e t w o a p p r o a c h e s t o e n e r g y r e s o u r c e e v a l u a t i o n a r e 
w e l l i l l u s t r a t e d b y t h e w o r k o f t h e E c o n o m i c C o m m i s s i o n f o r E u r o p e i n 
e v a l u a t i n g t h e h y d r o p o w e r r e s o u r c e s o f t h a t r e g i o n . T h e C o m m i s s i o n d i d n o t 
l i m i t i t s e l f t o a n i n v e n t o r y o f h y d r o p o w e r s i t e s t h a t a r e s u i t a b l e f o r 
i m m e d i a t e d e v e l o p m e n t . I t c h o s e r a t h e r t o b e g i n a t t h e l e v e l o f t h e e n v i r o n -
m e n t a n d t o c o n s i d e r t h e p o t e n t i a l p r o v i d e d b y t h e t o t a l r u n o f f a n d t h e 
g r o s s h e a d f o r e a c h s e p a r a b l e p o r t i o n o f t h a t r u n o f f o v e r t h e e n t i r e a r e a ' 
o f t h e r e g i o n . T h i s c o n c e p t i t t e r m e d t h e " t h e o r e t i c a l p o t e n t i a l " , i n 
r e c o g n i t i o n o f t h e f a c t t h a t c o m p l e t e d e v e l o p m e n t a n d u t i l i z a t i o n o f t o t a l 
f l o w a n d h e a d . i s , q u i t e i m p r a c t i c a b l e f o r b o t h * t e f c h n i c a l a n d e c o n o m i c r e a s o n s . 
~ ' .' - ' / W i t h i n t h e 
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W i t h i n t h e t h e o r e t i c a l p o t e n t i a l t h e r e w a s d i s t i n g u i s h e d t h a t p o r t i o n 
w h i c h c o u l d b e f e a s i b l y d e v e l o p e d w i t h c u r r e n t t e c h n o l o g y , t o w h i c h w a s 
a p p l i e d t h e t e r m » » t e c h n i c a l p o t e n t i a l " « A n d / w i t h i n t h i s , i n t u r n , t h e r e 
w a s f u r t h e r d i s t i n g u i s h e d t h a t p o r t i o n w h i c h w o u l d b e e c o n o m i c a l l y f e a s i b l e 
• - - ' ' * 1/ t o d e v e l o p u n d e r p r e s e n t c o n d i t i o n s « t h e " e c o n o m i c p o t e n t i a l * t ® ' 
A s c o n c e p t s , ' t h e s e t h r e e l e v e l s o f h y d r o p o w e r p o t e n t i a l a r e s i m p l e a n d 
u n a m b i g u o u s , a l t h o u g h t h e t e c h n i c a l p o t e n t i a l i s B o m e w h a t i m p r e c i s e i n i t s 
r e l a t i o n t o c o s t s » ( F o r e x a m p l e , h o w d o e s o n e d i s t i n g u i s h ^ b e t w e e n t r u e 
p h y s i c a l i m p o s s i b i l i t y a n d i n p r a c t i c a b i l i t y b e c a u s e o f w h o l l y e x t r a v a g a n t 
c o s t s l i k e t h e d a m m i n g , o f . p f l o o d p l a i n 5 0 m i l e s a c r o s s o r " t h e r e l o c a t i o n 
o f a v e r y l a r g e c i t y ? } ^ T h e m e a s u r e m e n t o f t h e p o t e n t i a l s , o n t h e o t h e r 
h a n d , i s n o t a s i m p l e m a t t e r » . M e a s u r e m e n t o f the t h e o r e t i c a l p o t e n t i a l 
r e q u i r e s d e t a i l e d h y d r o l o g i c a n d t o p o g r a p h i c d a t a f o r t h e e n t i r e a r e a u n d e r 
c o n s i d e r a t i o n » The other potentials call f o r .a s i t e - b y - s i t e s u r v e y # 
t h e c h o i c e of t h e a p p r o p r i a t e l i m i t i n g c r i t e r i a , a n d judgment i n oach 
instance as to whether these criteria are or are not met. The measurement 
i t s e l f i d a l a r g e - s c a l e , / e x p e n s i v e e f f o r t , a n d the"judgments camioi'bo 
w i j o l l y o b j e c t i v e , b u t - roust i n e v i t a b l y contain a substantial subjective 
e l e m e n t « . > • 1 
V i h a t e v e r t h e d i f f i c u l t i e s o f m e a s u r e m e n t , t h e c o n c e p t s t h e m s e l v e s 
c o n s t i t u t e a n i m p r o v e m e n t o f g r e a t v a l u e i n t h e e v a l u a t i o n o f h y d r o p o w e r 
r e s o u r c e s * a n d t h e i r u s e o f f e r s i m p o r t a n t a d v a n t a g e s » T h e i r v a l u e l i e s i n 
t h e s y s t e m a t i z i n g o f t h e e v a l u a t i o n a n d t h e p r o v i s i o n o f a f r a m e o f r e f e r e n c e 
% J F o r a d e t a i l e d e x p o s i t i o n o f t h e s e t e r m s s e e i B c o n o m i e C o m m i s s i o n f o r 
E u r o p e , C o m m i t t e e o n E l e c t r i c P o w e r , ffirdro-Elecfrric'Potential i n E u r o p e 
a n d i t s G r o s s . T e c h n i c a l a n d E c o n o m i c l i m i t s ( U n i t e d N a t i o n s , M a y 1 9 5 3 ) . 
: p . 5 1 . A d d i t i o n a l d i s c u s s i o n m a y b e f o u n d i n o t h e r r e p o r t s o f t h a t 
C o m m i s s i o n a s w e l l a s o f t h e E c o n o m i c C o m m i s s i o n f o r A s i a a n d t h e F a r 
E a s t , a n d i n p a p e r s p r e s e n t e d a t t h e r e c e n t s e c t i o n a l a n d w o r l d m e e t i n g s 
o f t h e W o r l d P o w e r C o n f e r e n c e , 
g / S e e V , M , Y e v d j e v i c , " g o m e S t a t i s t i c a l M e t h o d s f o r J t e t e r i n i n i n g W a t e r 
P o w e r R e s o u r c e d , P a p e r 1 6 5 B / 1 3 , F i f t h W o r l d P o w e r C o n f e r e n c e , V i e n n a , 
1 9 5 & J a n d S * H e S c h x i r r a n d f B . 0 « H e t s c h e r t w i t h V e r a F . E l i a s b e r g , 
J o s e p h L e m e r . a n d H a n s H , L a n d a b e r g , E n e r g y i n t h e A m e r i c a n . S p o n j o g y . , 
- ^ 0 - 1 9 7 5 » A n E c o n o m i c S t u d y o f I t s E t o r v a n d P r o s p e c t * ( B a l t i m o r e . 
J o h n H o p k i n s P i i & s s , I 9 6 0 ) , PP* M l e t t s e a * . 
/ o n w h i c h ... 
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o n w h i c h t h e e v a l u a t i o n c a n b e m a d e . I n t h e a b s e n c e o f t h e s e c o n c e p t s a n 
e s t i m a t e o f h y d r o p o w e r r e s o u r c e s i s a m b i g u o u s a n d p e r h a p s m i s l e a d i n g . , I f 
t h e r e s o u r c e s a r e e s t i m a t e d ( i n t e r m s , o f i n s t a l l e d c a p a c i t y ) t o b e 5 0 m i l l i o n 
k i l o w a t t s , f o r e x a m p l e , w h a t d o e s t h i s m e a n ? D o e s t h i s f i g u r e r e p r e s e n t o n l y 
t h a t c a p a c i t y w h i c h c o u l d b e e c o n o m i c a l l y j u s t i f i e d a t p r e s e n t ? D o e s i t 
i n c l u d e s o m e c a p a c i t y w h i c h c o u l d p r o d u c e p o w e r o n l y a t t w i c e t h e p r e s e n t 
p r e v a i l i n g c o s t o f e l e c t r i c i t y , o r a t s o m e h i g h e r l e v e l ? D o e s i t t a k e i n t o 
a c c o u n t i m p r o v e m e n t s i n d e s i g n , c o n s t r u c t i o n a n d o p e r a t i n g t e c h n o l o g y t h a t . 
a r e n o t y e t p e r f e c t e d b u t w h i c h g i v e p r o m i s e o f l o w e r c o s t a t s o m e s i t e s 
i n t h e f u t u r e ? O r d o e s t h e f i g u r e r e p r e s e n t t h e a b s o l u t e m a x i m u m t h a t c o u l d 
e v e r b e d e v e l o p e d ? 
W i t h e s t i m a t e s m a d e a c c o r d i n g t o t h e c o n c e p t s o f t h e t h r e e p o t e n t i a l s 
t h e s e q u e s t i o n s a r e a n s w e r e d a t o n c e ; p e r h a p s n o t w i t h c o m p l e t e s a t i s f a c t i o n 
b u t a t l e a s t w i t h c o n s i d e r a b l e i m p r o v e m e n t i n c l a r i t y . I f t h e f i g u r e o f 5 0 
m i l l i o n k i l o w a t t s i s b a s e d o n c u r r e n t e c o n o m i c c o n d i t i o n s , i t i s o b v i o u s l y 
n o t t h e u p p e r l i m i t o n e i t h e r t e c h n i c a l o r p h y s i c a l g r o u n d s . O v e r t h e l o n g 
t e r m a p o t e n t i a l o f m o r e ( m o s t l i k e l y , c o n s i d e r a b l y m o r e ) e x i s t s . T h i s i s 
e s p e c i a l l y i m p o r t a n t i f s o m e s i z a b l e p o r t i o n - s a y , A O m i l l i o n k i l o w a t t s -
i s a l r e a d y d e v e l o p e d . W i t h t h e f i g u r e o f 5 0 m i l l i o n d e f i n e d a s i t i s , i t i s 
c l e a r t h a t d e v e l o p m e n t i s a p p r o a c h i n g a l i m i t o n l y u n d e r c u r r e n t e c o n o m i c 
a n d t e c h n i c a l c i r c u m s t a n c e s . T h e p o s s i b i l i t y o f a d d i t i o n a l c a p a c i t y b e c o m i n g 
t e c h n i c a l l y a n d e c o n o m i c a l l y f e a s i b l e i n t h e f u t u r e i s n o t i g n o r e d , o r b y 
i m p l i c a t i o n , r u l e d o u t , ; . 
T h e a d v a n t a g e s o f f e r e d b y t h i s t e r m i n o l o g y a n d t h e c o n c e p t s b e h i n d i t 
a r e s e v e r a l . I t o f f e r s , f o r e x a m p l e , a m e a n s o f o b t a i n i n g h y d r o r e s o u r c e 
e s t i m a t e s t h r o u g h s t a t i s t i c a l i n f e r e n c e . C o n s i d e r a b l e p r o g r e s s h a s b e e n 
m a d e i n d e r i v i n g e m p i r i c a l r e l a t i o n s h i p s b e t w e e n t h e t h r e e l e v e l s o f p o t e n t i a l 
w h e r e d i r e c t m e a s u r e m e n t s a r e a v a i l a b l e f o r a l l o f t h e m ^ a n d w i t h f u r t h e r 
r e f i n e m e n t o f t h e t e c h n i q u e i t w i l l b e p o s s i b l e t o o b t a i n a f i r s t a p p r o x i m a -
t i o n o f t h e e c o n o m i c p o t e n t i a l o f a r e g i o n o r c o u n t r y i f o n e k n o w s t h e t h e o -
r e t i c a l p o t e n t i a l , a n d v i c e v e r s a . W i t h o b v i o u s s a v i n g s i n t i m e a n d m o n e y . 
S e e E c o n o m i c C o n a n i s s i o n f o r E u r o p e , o p ^ c i t . . a n d v a r i o u s p a p e r s p r e s e n t e d 
a t t h e F i f t h W o r l d P o w e r C o n f e r e n c e . .. 
/ S q u a l l y h e l p f u l 
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E q u a l l y helpful a n a d v a n t a g e l i e s i n t h e d i f f e r e n t , s c a l e o f p e r s p e c t i v e 
p r o v i d e d b y t h e d i f f e r e n t l e v e l s o f p o t e n t i a l . I f o n e i s i n t e r e s t e d i n t h e 
h e r e a n d n o w , t h e e c o n o m i c p o t e n t i a l i s a s u i t a b l e m e a s u r e . . I f o n e i s • 
^ i n t e r e s t e d i n , t h e l o n g t e r r a , t h e t h e o r e t i c a l p o t e n t i a l p r o v i d e s t h e a b s o l u t e 
o u t e r l i m i t t o w h a t e v e r o p p o r t u n i t i e s m a y b e c o m e f e a s i b l e i n t h e f u t u r e . 
I n s u m m a r y , t h e c o n c e p t s J u s t d e s c r i b e d c o n s t i t u t e a m a j o r c o n t r i b u t i o n 
t o t h e e s t i m a t i o n o f h y d r o p o w e r r e s o u r c e s b y releasing t h e ; e n g i n e e r f r o m 
h i s c o n s t i t u t i o n a l p r e o c c u p a t i o n w i t h t h e p r e s e n t . C o n s i d e r a t i o n o f t h e 
l o n g - t e r m f u t u r e i s i n a d e q u a t e a n d i n a p p r o p r i a t e , a n d p e r h a p s e v e n 
• ' . . . . . . . • 
d a n g e r o u s l y m i s l e a d i n g , i f n o a l l o w a n c e i s m a d e f o r c o n t i n u e d t e c h n o l o g i c a l 
p r o g r e s s a n d f o r e c o n o m i c c i r c u m s t a n c e s o t h e r t h a n t h o s e c u r r e n t l y p r e v a i l i n g « 
T h e t r a d i t i o n a l c o n c e r n o f t h e t e c h n i c a l m a n w i t h o n l y - w h a t i s i n s u e d i a t e l y • 
o r i m m i n e n t l y f e a s i b l e i s h e r e o v e r c o m e , a n d t h e l a r g e r p o s s i b i l i t i e s i n h e r e n t 
i n t h e f u t u r e c a n b e g i v e n d u e r e c o g n i t i o n . 
Â good d e m o n s t r a t i o n o f t h e - a d v a n t a g e s o f t h i s a p p r o a c h i s p r o v i d e d i n 
a n e g a t i v e way by e x p e r i e n c e i n t h e U n i t e d S t a t e s , w h e r e i t h a s n o t yet 
b e e n a d o p t e d . T h e U n i t e d S t a t e s G o v e r n m e n t , t h r o u g h t h e F e d e r a l P o w e r 
C o m m i s s i o n , h a s i s s u e d p e r i o d i c e s t i m a t e s of t h e " h y d r o e l e c t r i c p o w e r 
r e s o u r c e s " o f t h é U n i t e d S t a t e s . T h e s e e s t i m a t e s a r e n o t l i m i t e d t o t h e 
p o t e n t i a l t h a t i s c u r r e n t l y e c o n o m i c t o d e v e l o p , b u t a r e c a r r i e d b e y o n d 
t h i s l e v e l t o i n c l u d e s i t e s " w h i c h g i v e p r o m i s e a t s o m e t i m e o f e c o n o m i c 
f e a s i b i l i t y " • T h e e x t e n t t o w h i c h t h e c u r r e n t e c o n o m i c l i m i t i s e x c e e d e d , > • 
h o w e v e r , i s n e v e r m a d e c l e a r , a n d a l t h o u g h t h e e s t i m a t e s d o - n o t p u r p o r t t o 
c o v e r a l l p o s s i b l e s i t e s , t h e t e r m " r e s o u r c e s * u n f o r t u n a t e l y c o n n o t e s a 
c o m p l e t e i n v e n t o r y « A c t u a l l y , t h e e s t i m a t e s a p p e a r t o b e m e r e l y a s u m m a t i o n 
o f t h e s i t e s t h a t h a v e c o m e t o t h e a t t e n t i o n o f t h e C o m m i s s i o n , 
A s a r e s u l t . , t h e " h y d r o e l e c t r i c p o w e r r e s o u r c e s " o f t h e U n i t e d S t a t e s 
( i n c l u d i n g a l r e a d y d e v e l o p e d s i t e s ) h a v e b e e n c o n s t a n t l y g r o w i n g . A s o f . 
1 9 5 0 t h e f i g u r e w a s 1 0 4 . 6 m i l l i o n W j i n 1 9 5 9 i t w a s 1 2 2 . 1 m i l l i o n k W ( 4 8 -
S t a t e b a s i s ) , a n i n c r e a s e o f o n e s i x t h i n t h e n i n e y e a r s , • T h e c h a n g e i t s e l f 
i s n o t i m p o r t a n t , s i n c e a n y e s t i m a t e s h o u l d b e c o n s i d e r e d s u b j e c t t o 
r e v i s i o n ; i t i s w h a t t h e c h a n g e s i g n i f i e s , t h a t i s a m a t t e r f o r c r i t i c i s m » ' 
T h e a b s e n c e o f a c l e a r , l o g i c a l b a s i s f o r e s t i m a t i n g a n d e x p r e s s i n g t h e 
h y d r o p o w e r p o t e n t i a l o f t h e U n i t e d S t a t e s h a s c o n t r i b u t e d t o a c o n s t a n t , 
s e r i o u s u n d e r e s t i m a t i o n o f t h e t r u e e x t e n t o f t h a t p o t e n t i a l , 
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It is a serious shortcoming becausc of its • consequences', which arc of 
special interest to this meeting. The need for planners, in both government 
"i end indus'try.to "have some idea, of the future growth of Installed hydro power 
capacity in the United States has palled forth- many estimates of that future 
growth.' A survey of all published estimates since 1948 reveals that through-
out the period the majority of the estimators were pes'simiètlc in viewing 
the future. In almost all instances they underestimated tho rate of growth 
that has actually occurred since the time they made'thëir estimate. Even 
more remarkable, this pessimism has persisted through-to the'present. . The 
estimates of the past two years assume a marked reduction from current growth 
rates in the future, just as their predecessors, did. Tho average growth 
rate ovor the period 1925-59 was 4.5 per cent per year. From 1946 to 1959 
it was 5.5 per cent; and for the period 19:59-62 (including planned additions 
and additions under construction) the rate is 7-7 per cent. Xdt the average 
implied growth rate after 1962 in estimates of installed capacity in 1975 
is 2,1 per cent. 
The most logical explanation for this expectation of a sharp réduction 
in the rate of growth is the implied (end sometimes stated) assumption that 
the development of the United States hydro power potential has proceeded so 
far-that future development will be hindered by the increasing cost and 
difficulty of using the remaining sites. This assumption was engendered by 
the "resources" estimates of the Federal Power.Commission. It is clear from 
the ConHaisèion' s. own discussion of their figures that-tftoy are aware that 
100 per cent of the total could eventually be developed. But the users of , 
the figures have been misled by the term "resources",. and apparently regard 
it as the equivalent of what the new approach would call the theoretical 
.potential. It would be a rash optimist .indeed who would carry hydro develop-
ment past 60 per cent of that potential, especially by 1975. A H of this has 
been to-the detriment of good planning* ..whether-by government or by industry, 
and could have been (and still could be) avoided by the adoption of the 
concepts and terminology described above. . " 
In the course of the work at Resources for the Future it was found.that 
discussions of the future supply of other conventional energy resources,-
the mineral fuels, exhibited a similar constant tendency.:to uriderstiiuate 
the true potential, with equivalent misleading results generating erroneous 
/assumptions by 
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a s s u m p t i o n s b y t h o s e w h o u s e d t h e m . I n o r d e r t o d e a l w i t h t h e p r o b l e m 
s a t i s f a c t o r i l y a n e w c o n c e p t u a l a n d t e r m i n o l o g i c a l a p p r o a c h t o t h e e s t i m a t i o n 
o f t h e n a t u r a l s t o c k s o f t h e m i n e r a l f u e l s w a s d e v i s e d t h a t i s i n m a n y w a y s 
s i m i l a r t o t h e n e w a p p r o a c h t o h y d r o p o w e r . A c o m p l e t e e x p o s i t i o n o f t h i s 
w o r k i s a v a i l a b l e e l s e w h e r e y ^ t h e e m p h a s i s i n t h i s p a p e r i s o n t h e d i f f e r e n c e 
i n t h e r e s u l t s o b t a i n e d b y t h e o l d a n d n e w a p p r o a c h e s . 
C r u d e o i l i s a n e x c e l l e n t e x a m p l e • T h e i n d u s t r y c o m m o n l y s p e a k s o f 
» p r o v e d r e c o v e r a b l e r e s e r v e s " , r i g o r o u s l y d e f i n e d a s t h e n a t u r a l s t o c k s o f 
c r u d e o i l i n p l a c e w h i c h c a n b e e c o n o m i c a l l y r e c o v e r e d w i t h e x i s t i n g w e l l s * 
T h e s e r e s e r v e s c o n s t i t u t e a w o r k i n g i n v e n t o r y a n d t h u s t e n d t o b e o n l y a 
f a i r l y s m a l l m u l t i p l e o f c u r r e n t a n n u a l p r o d u c t i o n . T h i s m e a n s t h a t f o r 
p r o d u c t i o n t o b e m a i n t a i n e d i n t h e f u t u r e a d d i t i o n a l r e s e r v e s m u s t b e 
d i s c o v e r e d , a n d h a s l e d t o a t t e m p t s t o e s t i m a t e t h e q u a n t i t y r e m a i n i n g t o 
b© discovereds 
T h e d i f f i c u l t i e s o f s u c h e s t i m a t i o n a r e e n o r m o u s , b u t t h e s e c a n b e 
p a s s e d o v e r h e r e . O f i m m e d i a t e c o n c e r n i s t h e a p p r o a c h u s e d i n t h e e s t i m a t i n g 
p r o c e d u r e . T h e c r u c i a l e l e m e n t i n t h e a p p r o a c h c o n c e r n s t h e q u a n t i t y o f © i l 
i n p l a c e t h a t c a n b e r e c o v e r e d . A t p r e s e n t i n t h e U n i t e d S t a t e s t h i s i s . 
o n t h e a v e r a g e , o n e t h i r d - o f e v e r y t h r e e b a r r e l s o f o i l t h a t i s a c t u a l l y 
k n o w n t o e x i s t i n t h e g r o u n d , o n e b a r r e l i s p r o d u c e d a n d t w o b a r r e l s remain 
b e h i n d . I n t h e i r a p p r o a c h t o t h e p r o b l e m t h e e s t i m a t o r s a s s u m e d , a l m o s t 
w i t h o u t e x c e p t i o n , t h a t t h i s r e c o v e r y r a t i o w o u l d r e m a i n c o n s t a n t i n t h e 
f u t u r e , a n d t h a t w h a t e v e r t h e q u a n t i t y o f o i l t h a t m a y b e p r e s u m e d t o e x i s t 
b e n e a t h t h e U n i t e d S t a t e s , o n l y o n e t h i r d c o u l d b e r e c o v e r e d . 
t i k e t h e p e s s i m i s m w i t h r e s p e c t t o t h e f u t u r e g r o w t h r a t e i n U n i t e d 
S t a t e s h y d r o p o w e r c a p a c i t y , t h i s i s o d d l y c o n t r a r y t o p a s t a n d c u r r e n t e v e n t s , 
H i e p r e s e n t o n e t h i r d r e c o v e r y l e v e l i s h i g h e r t h a n i t w a s i n t h e p a s t , d u e t o 
i m p r o v e m e n t s i n r e c o v e r y m e t h o d s . I t w o u l d b e l o g i c a l , i n v i e w o f t h i s , t o 
e x p e c t f u r t h e r a d v a n c e s i n r e c o v e r y c a p a b i l i t y i n t h e f u t u r e ; y e t t h e a s s u m p -
t i o n o f a n y s p e c i f i c h i g h e r recovery l e v e l a t a n y g i v e n t i m e i n t h e f u t u r e 
w o u l d b e w h o l l y a r b i t r a r y . T h i s l e a v e s o n e i n t h e d i l e m m a o f w a n t i n g t o a l l o w 
f o r f u t u r e i m p r o v e d r e c o v e r y b u t h a v i n g n o b a s i s o n w h i c h t o b e s p e c i f i c . 
y S c h u r r , N e t s c h e r t e t . a l . . o p . c i t . . c h a p t e r 7 , 
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T h é d i l e m m a i s s o l v e d b y g o i n g t o t h e a b s o l u t e l i m i t - t h e t o t a l q u a n t i t y 
o f o i l e s t i m a t e d t o e x i s t b e n e a t h a c o u n t r y o r r e g i o n . T h i s q u a n t i t y i s 
t e r m e d t h e " r e s o u r c e b a s e 0 o f o i l a n d i s c o n c e p t u a l l y e q u i v a l e n t t o t h e 
t h e o r e t i c a l h y d r o p o w t e r p o t e n t i a l . T h e r e s o u r c e b a s e i s t h e q u a n t i t y w i t h 
w h i c h b o t h p r e s e n t a n d f u t u r e t e c h n o l o g y c a n w o r k , l i k e t h e t h e o r e t i c a l 
h y d r o p o t e n t i a l i t s c o m p l e t e " d e v e l o p m e n t " ( d i s c o v e r y a n d p r o d u c t i o n ) i s n o t 
t o b e e x p e c t e d , b u t i t p r o v i d e s a r e f e r e n c e m a r k a g a i n s t w h i c h o n e ' c a n 
a s s e s s f u t u r e p o s s i b i l i t i e s a n d p r o s p e c t s . I n t h i s i n s t a n c e t h e r e s o u r c e 
b a s e c o n c e p t i s e s p e c i a l l y u s e f u l b e c a u s e o f t h e c u r r e n t e v i d e n c e o f a 
d e v e l o p i n g r e v o l u t i o n i n r e c o v e r y t e c h n o l o g y . W i t h i n t h e p a s t f e w y e a r « 
a n a v e r a g e r e c o v e r y l e v e l o f t w o t h i r d s i n t h e U n i t e d S t a t e s b y 1 9 7 5 h a s 
b e c o m e a p l a u s i b l e a s s u m p t i o n . 
T h e a p p l i c a t i o n o f t h e r e s o u r c e - b a s e c o n c e p t t o t h e q u e s t i o n o f t h e 
f u t u r e d o m e s t i c s u p p l y o f c r u d e o i l i n t h e U n i t e d S t a t e s i l l u s t r a t e s t h e 
c h a n g e i n p e r s p e c t i v e t h e n e w a p p r o a c h p r o v i d e s . E s t i m a t e s o f t h e a m o u n t 
o f o i l r e m a i n i n g t o b e d i s c o v e r e d i n t h e U n i t e d S t a t e s h a v e b e e n m a d e u s i n g 
t h e " p r o v e d r e s e r v e " a p p r o a c h . T h a t i s , t h e e s t i m a t o r s h a v e a t t e s t e d t o 
q u a n t i f y t h e r e m a i n i n g u n d i s c o v e r e d o i l i n t e r m s o f w h a t c o u l d b e r e c o v e r e d 
a n d p r o d u c e d w i t h t o d a y ' s t e c h n o l o g y a n d u n d e r p r e s e n t c o s t - p r i c e c o n d i t i o n s . 
T h i s a m o u n t s t o a n a s s u m p t i o n t h a t i n t h e f u t u r e , a s a t p r e s e n t , o n l y o n e 
o f e v e r y t h r e e b a r r e l s o f o i l a c t u a l l y l o c a t e d w i l l b e r e c o v e r e d . O n t h i s 
b a s i s , t h e t o t a l p o t e n t i a l f u t u r e s u p p l y o f o i l i n t h e U n i t e d S t a t e s , 
i n c l u d i n g p r e s e n t p r o v e d r e s e r v e s o f 3 2 , ( X X ) m i l l i o n b a r r e l s ( 4 , 2 0 0 m i l l i o n 
m e t r i c t o n s ) , r a n g e s b e t w e e n 80,000 m i l l i o n a n d 1 9 0 , 0 0 0 m i l l i o n b a r r e l s 
( 1 1 , 0 0 0 m i l l i o n a n d 2 5 , O C X ) m i l l i o n m e t r i c t o n s ) a c c o r d i n g t o t h e s e v e r a l 
e s t i m a t e s . 
S y a d j u s t i n g t h e s e e s t i m a t e s t o a l l o w f o r t h e i r a s s u m p t i o n t h a t o n l y 
o n e t h i r d o f t h e o i l a c t u a l l y i n p l a c e c o u l d b e p r o d u c e d , o n e o b t a i n s a 
" r e s o u r c e - b a s e e q u i v a l e n t " o n t h e o r d e r o f 5 0 0 , 0 0 0 m i l l i o n b a r r e l s ( 6 7 , 0 0 0 
m i l l i o n m e t r i c t o n s ) . T h i s i s t h e t o t a l c r u d e o i l p o t e n t i a l l y a v a i l a b l e f o r 
f u t u r e r e c o v e r y , t h e q u a n t i t y a g a i n s t w h i c h p r e s e n t a n d f u t u r e t e c h n o l o g y " 
c a n b e a p p l i e d . M o t e t h a t t h i s i s n o t b a s e d o n a n i n d e p e n d e n t e s t i m a t e o f 
t h e o c c u r r e n c e o f o i l u n d e r t h e U n i t e d S t a t e s b u t i s a f i g u r e i n f e r r e d f r o m 
e s t i m a t e s m a d e o n t h e p r o v e d - r e s e r v e b a s i s b y e x p e r t s w i t h i n t h e o i l i n d u s t r y . 
/ I t i s 
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It is what they imply when ono takes into account their own recovery 
'•" ̂ ^assuinption. in 'a mannef» appropriate for the long-term futura. Nor does •. 
this figure in any wdyimply that something like 500,000 million barrels 
(67,000 million metric'tons) of oil actually will be found and produced in 
tiré futuré. . It is, 'on the other hand, a resource measure at the absolute 
limit arid suggests, given the possibilities of improved future technology, . 
à more optimistic potential than does the more limited view. From the 
resource viewpoint, at least, the .entire perspective on .the long-term 
future of thé. oil industry in the United'States is changed as a result. Not 
the. least of these cn'ahgeè is that the figure .of '500,000 million barrels 
(67,000 million metric tons) includes'some 200,COO million barrels (27,000 
million metric tons) of oil already known to exist, but which is currently 
unrecoverable. 
The moral' of all this ¿s it applies to evaluating energy resources is 
reducible to'a single sentence: It is ,essoptialt| in evaluating resources . 
over, the lonR~tem future, to msko allolgmce for future technological progredì». 
This applies equally well to the mature, industrialized countries and. to 
those countries that are still in the early stages of developing their 
resources,- to countries in which resource development is a matter of private 
»•'initiative, and to those in -which it is a matter of Government planning.-
This does not mean that the resource-base approach will necessarily result . 
ih important policy changes, or that submarginal resources vdll thereby be-, 
converted into résources òf immediate economic'significance. It does nean ' 
that decisions, both private and public, can be made in the light of the 
fullest resource knowledge, that opportunities for the development of 
specific resources are less likeiy to slip by, that riore complete utiliza-
tion of the resource endowment is more likely possible, and that the 
development of previously unutilized, resources may occur sooner than 
would otherwise be true. 
There are many examples "of instances in the Latin /oncriean region where 
the. re so urce-baso-approach. Can bo' applied at present. In those.-countries • • 
fortunate enough to be endowed'with petroleum resources the total quantity 
of oil known to be. in the 'ground can be ascertained, thus making it-possible 




new techniques of improved recovery. VJhere natviral gas also occurs, this 
energy source takes on new significance in the light of the new technique 
of storage and ocean tanker transport of liquefied gas. The resources of 
the contained natural gas liquids should also be ascertained in full so 
that they can be measured against the growing demand for these hydrocarbons 
as petrochemical and refinery feedstock and against the potentials afforded 
by the improved techniques of transporting, storing, marketing and using 
liquefied petroleum gases. 
The same can be said for coal of all ranks, /in inventory of all coal 
deposits, however poor in quality and remote in location, means that the 
information will be on hand with which to assess the potential for in situ 
combustion and above-ground gasification and liquefaction as improvements 
in those techniques occur in the future (as they eventually will). 
In all this it is necessary to rise above the preoccupation with the 
immediate present in looking at the long-term future, to abandon the 
assumption that a resource with no present economic value •will never acquire 
that value. This should be done not with blind faith that somehow., sometime 
the present worthless resources will become a precious endowment, but with 
the practical realization that in the technological ferment of today and 
in the even greater ferment of the future, some of those resources are 
certain to acquire economic utility as long as there is any demand for the 
resource in general. For those whose concern is the long-term future, 
forewarned is twice forearmed. 

